Weeds are one of the main obstacles in organic farming as well as other farming systems. In the most agricultural systems such as conventional farming, herbicides are the main tool to solve weed problems in spite of problems bearing from excess use of chemicals. Organic farmers rely on mechanical techniques which include tillage that can make soil open to erosion if it becomes only technique to be used. Allelopathy is both inhibitory and stimulatory biochemical interactions between plants. Allelopathic relations have been used to establish proper farming systems, control directly weeds and other pests, and develop chemicals less harmful to the environment. There have been researches on allelopathy in Turkey since 1980's. However, it is not easy to say that results of these studies have had a chance to be implemented. Allelopathy studies in Turkey can be integrated with organic agriculture; but, research and implementation needs elaborated.
INTRODUCTION
Weeds are one of the main constraints in agricultural production systems. It has been shown that organic fields have much more weeds (Rydberga and Milbergb, 2000) and weed management is a challenge in organic farming as well as, even more than, all other farming systems (Liebman and Davis, 2009 ). Many agricultural systems such as conventional agriculture rely on chiefly synthetic herbicides, which are not a tool in organic agriculture.
Various types of methods and tactics have been used to control weeds in organic agriculture. Crop rotation, cover crops, intercropping, competitive cultivars, soil amendments, cultivation, several physical tactics, good agricultural practices and biological control etc. have been mentioned in several literature (Liebman and Davis, 2009; Mohammadi, 2013) . All these methods are aimed not only control of current weeds, but also prevention of introduction of weeds in a given field and minimizing future weed problems (Liebman and Davis, 2009) . Some weed control methods are based on allelopathic relations. Allelopathy studies in Turkey have been reviewed earlier (Uludag et al., 2006; Uludag et al., 2008) . However, allelopathy studies for weed control in Turkey have not been reviewed in the context of using in organic agriculture. The aim of this paper review use of allelopathy in organic agriculture and integrate allelopathy studies from Turkey with organic agriculture.
ALLELOPATHY AND WEEDS
The term of allelopathy was coined and defined by Molisch who is an Austrian scientist, although human being was aware of allelopathic relations as early as 300 B.C. (Rice, 1984) . Authorities have defined allelopathy depending on their area, view or aim. The most common definition which is based on Rice's definition (Rice, 1974) is that stimulatory or inhibitory effect(s) of a plant (including microorganisms) on other plant(s) through the release of chemical compounds into the environment. Modern allelopathic research just increased after 1980 although there was some classical ecological work on allelopathy before 1970 (Dakshini et al., 1999) .
It is possible to use allelopathy in weed control in different ways (Bhowmik and Inderjit, 2003; Mohammadi, 2013) . However, we can divide it into two broad groups: Natural weed management: Cover crops and plant residues produce allelopathic compounds which affect adversely germination or growth of weeds. Using crop cultivars with allelopathic properties also the other way of natural weed control. Improvement of crop varieties (either classical plant breeding or genetical engineering that is not acceptable for organic agriculture) to be used for natural weed control has been a challenge in weed science. Allelopathic interactions can be used in crop rotation. Maize-Soybean rotation both crops and/or their residues have some beneficial allelopathic effect on each other (Yang et al., 1994; Anderson and Cruse, 1995; Ri, 2012) . Allelopathy in rotational crop is also suggested for weed control (Schreiber, 1992; Gozcu et al., 2006) . Natural herbicides: Allelopathic compounds could be used as natural herbicides. Some of them have been already commercialized and many of them has been showed for their allelopathic herbicidal potential (Bhowmik and Inderjit, 2003) .
ALLELOPATHY STUDIES ON WEEDS AND WEED MANAGAMENT IN TURKEY
As it was mentioned above that allelopathy studies related to weeds and weed control have been reviewed before. In this review, studies published after former reviews will be focused and results will be discussed in the context of organic agriculture mainly.
Brassica species are the most promising species that can be used in organic agriculture with different ways. The first study in Turkey was on garden radish (Raphanus sativus L.) of which effect on johnsongrass (Sorghum halepense) noticed and some preliminary experiments were done (Uygur, 1988) . Uygur et al. (1990) found that garden radish extracts inhibit germination of 11 weed species, including some important species such as Sorghum halepense (L.) Pers., Alopecurus myosuroides Huds., Capsella bursa-pastoris (L.) Medik., Convolvulus arvensis L. out of 25 species studied and 4 crops (lettuce, tobacco, bean, Trifolium spp.) out of 32 crops examined. These results were highly promising use of garden radish (extracts) for weed control safely and effectively. Garden radish studies later focused on johnsongrass which is a perennial grass species and a native plant of the Mediterranean area and weed in many crops worldwide (Holm et al., 1977) . Although pure extract (only pure extract; not diluted extracts up to 66%) of johnsongrass inhibited soybean germination, there was no effect of pure extract on wheat, cotton or maize germination (Dogan, 2004) , which was considered another promising result. Furthermore, he found that garden radish as a cover crop suppressed weeds and increased maize yield (Dogan, 2004) . Another useful data for organic agriculture is that garden radish can be used as a rotational crop or a cover crop to control johnsongrass in cotton fields (Gozcu et al., 2006) . Other Brassica species, which are round white radish (Raphanus sativus L.), black radish (R. sativus L. var. niger), little radish (R. sativus L. var. radicula), turnip (Brassica campestris L. subsp. rapa) and rapeseed (Brassica napus L. oleifera DC.) as well as garden radish suppressed johnsongrass in field as soil mixed residues and laboratory conditions as water extracts (Uremis et al., 2009 ). On the contrary, some data was not much promising use of Brassica plants in some crops because aqueous extracts of little radish, turnip and thiocyanate ions on 12 different crop species proved an inhibition of germination in three crop species (maize, cucumber and barley) and of growth in barley and tomato (Topal, 1996) . Residues of these species also affected germination and growth of cutleaf ground-cherry (Physalis angulata L.) , which is a weed and invasive alien plant in summer crops in Turkey with Tropical American origin (Uludag and Katkat, 1991; Holm et al., 1997; Gonen, 1999 ). Other studies were seeking possible natural herbicidal use of allelopathic relations. Water extracts of the same six species above tested against Physalis angulata L., Amaranthus retroflexus L., Avena sterilis L., Portulaca oleracea L., Sinapis arvensis L., Solanum nigrum L. and promising results were obtained Ozdemir, 2007) .
Studies with essential oils or aqueous extracts of plants to contribute natural herbicide research in Turkey have not reached a widely used product in spite of several successful studies (Uludag et al., 2006; Cetintas et al., 2006; Topal and Kocacaliskan, 2006; Kordali et al., 2007; Koloren, 2007; Salamci et al., 2007; Yıldirim, 2007; Kordali et al., 2008; Aydin and Tursun, 2010; Mutlu et al., 2010; Efil, 2012; Tazegul, 2012) . Furthermore, studies on aqueous extracts and plant residues of different plants aimed mainly to explore the allelopathic potential of those species on weeds and crops (Uludag et al., 2006; Dişli, 2013) . The studies with practical implication have specific importance for organic agriculture. For instance, study with plant parts of Eucalyptus camaldulensis Dehnh., Juglans regia L., Melia azederach L., Nerium oleander L. showed that corn yield increased comparing to weedy control while weed density was significantly reduced. However, corn yield in the hand weeded control was higher than in the allelopathic plant part treatments (Iskenderoglu, 1995) . A study to find out possible rotational crop with allelopathic effect on weeds was conducted in Western Turkey. Results showed that rye and wheat were suitable as rotational because their residues affected the most important annual weed species occurring in summer crops (Portulaca oleracea L., Amaranthus retroflexus L. and Echinochloa colona (L.) Link.) while showing no toxic effects on other crop species, such as tomato, sunflower and corn (Boz, 2003) .
Parasitic plants are important pests in many crops and controlling them has been challenge in agriculture. Studies to find out possible allelopathic plant species to use as natural herbicide or natural weed control tool have been conducted in Turkey. Several plant extracts and residues were researched to control broomrapes (Pheliphance and Orobanche spp.) in faba bean and tomato was promising in pot experiments; but incorporated plant parts were not effective enough in the field comparing to the pot experiment. Nevertheless, especially Lantana camara was found to be a promising allelopathic plant to control Orobanche spp. (Aksoy, 2003) . Furthermore, residues of varying allelopathic plant species or exudates gave effective results on broomrapes or dodders (Cuscuta spp.) (Demirkan, 2005; Ozturk, 2006; Nemli et al., 2007; Er, 2009; Tamer, 2012) .
DISCUSSION
Allelopathic studies in Turkey in the beginning were more practical purpose, although result did not have chance to be applied in wide areas. One of the reasons is herbicides were main method in conventional agriculture. The other point is problem of marketing. For instance, the demand for garden radish is limited in grocery markets, and there has not been sufficient research to improve the cropping system . Other crops were studied to find out larger marketing possibility (Uremis et al., 2009) or develop different methods could be helpful (Gozcu et al., 2006) . This shows that there is a gap between research and practice.
Recently, studies were conducted to find out biological herbicides. However, field data was not as successful as data in controlled environments (Aksoy, 2003) . Improving products using allelopathic compounds which are mainly secondary metabolites is not easy (Bhowmik and Inderjit, 2003) . Furthermore use of allelopathic relations requires knowledge on allelochemicals involved and fluctuations depending on environmental conditions and agricultural practices should be studied. For instance, fertility regimes in rye affect biomass production, tissue phytotoxicity and allelochemical content (Mwaja et al., 1995) .
In spite of many studies related to alleopathic potential to use in agriculture, there has been only one study has been conducted in a field that was organic agriculture implemented (or we were able to find out in our search). Kayandan et al. (2002) researched residues of some crop species which can be considered as a cover crop on weeds in organic cotton which had been grown for four years. However, study was done only one year and the result is not good enough to recommend to farmers. Unfortunately, the link between research and farmers dealing with organic farming is not strong to keep up further studies and define their real problems in the fields.
